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REMAR KS 

1. Present Sta tus of the Applica tion 

Claims 1, 18, 35, 54, 73, 94 are rejected ^mdtT 35 U.S.C. 102(a) as being aaticipatcd by 
Admitted Prior Art (APA), figures 1-7, Claims 2, 19, 36, 55, 74, 95, 3, 20, 37, 56, 75. 96, 14, 31, 
48, 67, 86, 107, 16, 33, 50, 69, 88, 109, 17, 34, 51-53, 70- 72, 89-93, 110-112 are rejected under 
35 U-S-C 103(a) as being unpatentable over APA in view of Datta el al. (US Patent No. 
5,48<>,282). Claims 4, 21, 38, 57. 76, 97, 5, 22, 39, 58. 77, 98, 6, 23, 40, 59. 78, 99 atie injected 
under 35 U.S C 103(a) as being unpatentable over APA in view of Yung et al. (US Patent No, 
5,162,257). Claims 7, 24, 41, 60, 79, 100. 8, 25, 42, 61, 80, 101, 9, 26, 43. 62, 81, 102, 13, 30. 
47, 66, 85, 106 are rejected uuder 35 U.S.C 1 03(a) as being unpatentable over APA in view of 
Baker et al. (US Patent No. 5,508,229), Claims 10, 28, 45, 64, 83, 104, 11. 28, 45, 64, 83, 104^ 
12, 29, 46, 65, 84, 105 are rejected under 35 U,S.C 103(a) as being unpatentable over APA in 
view of Baker et al, (US Patent No. 5,508,229), Upon this response, claims 1-112 remain 
pending in the present application. 

2, Re sponse To Obj ecti ons/Rejecti ons 

Applicants respectfully traverse the rejections for at least the reasons set forth below. 

Respi>n$e To Claim Rejections Ubder 35 U.S.C. Section 102 
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As originally recited, independent claims 1, 18, 35, 54, 73, 94 respectively recite below: 

1. A method of forming bumps on a silicon wafer having an active surface with a 
passivation layer and a plurality of bonding pads thereon such that the passivation layer 
exposes the bonding pads» the method comprising the steps of: 

forming an adhesion layer over the active surface of the wafer, the adliesion layer 
covering both the bonding pads and the passivation layer; 

forming a barrier layer over the adhesion layer; 

forming a wettable layer over the barrier layer; 

conducting a first photolithography process to fiom a plurality of photoresist 
blocks on the wettable layer; 

conducting a first etching operation to remove the wettable layer and the barrier 
layer so that only the residual wettable layer and barrier layer underneath the photoresist 
blocks remain; 

after conducting the first etching operadon, removing the photoresist blocks; 

after removing the photoresist blocks, conducting a second photolithography 
process to form a photoresist layer over the adhesion layer, wherein the photoresist layer 
has a plurality of openings that expose the wettable layer and the adhesion layer around 
the barrier layer; 

after conducting the second photolithography process, conducting a metal-filling 
operation to form a solder material inside the openings of the photoresist layer, wherein 
the solder material covers the wettable layer and the adhesion layer around the barrier 
layer; 

after conducting tlte metal-filling operation^ removing the photoresist layer; 

after removing the photoresist layer, conducting a first reflow operation to 
transform the solder material into a plurality of solder balls having a hemispherical 
profile, and the solder balls retracting onto the upper surface of the wettable layer without 
extending onto the adhesion layer; 

after conducting the first reflow opcmtion, conducting a second etching 
operation to remove a portion of the adhesion layer so that only residual adhesion layer 
undenieatli the barrier layer is retained and the passivation layer on the wafer is exposed 
to the outside; and 

conducting a second reflow operation. 

18. A method of forming bumps on a silicon wafer having an active surface with a 
passivation layer and a plurality of bonding pads thereon such that the passivation layer 
exposes the bonding pads, the method comprising the steps of; 

forming an adhesion layer over the active surface of the wafer, the adhesion layer 
covering both the bonding pads and the passivation layer, 

forming a barrier layer over the adhesion layer; 

forming a wettable layer over the barrier layer; 
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conducting a first photolithography process to from a plurality of photoresist 
blocks on the wettable layer, 

conducting a first etching operation to remove the wettahle layer and the barrier 
layer so that only the residual wettable layer and barrier layer underneath the photoresist 
blocks remain; 

after conducting the first etching operation^ removing the photoresist blocks; 

after removing the photoresist blocks, conducting a second photohtfaography 
process to form a photoresist layer over the adhesion layer, wherein the photoresist lay«: 
has a i)lurality of openings that expose the wettable layer and the adhesion layer around 
the barrier layer; 

after conducting the second photolithography process, conducting a metal-filling 
operation to form a solder material inside the openings of the photoresist layer, wherein 
the solder material covers the wettable layer and the adhesion layer around the barrier 
layer; 

after conducting the metal-filling operationy conducting a first reflow operation 
to transform the solder material into a plurality of solder balls having a hemispherical 
profi le, and the solder balls retracting onto the upper surface of the wettable layer without 
extending onto into the adhesion layer; 

after conducting the first reflow operation, removing the photoresist layer, 

after removing the photoresist layer, conducting a second etching operation to 
remove a portion of the adhesion layer so that only residual adhesion layer underneath 
the banier layer is retained and the passivation layer on the wafer is exposed to the 
outside; and 

conducting a second reflow operation. 

35. A method of forming bumps over a silicon wafer having an active surfiace 
thereon, the method comprising the steps of: 

forming a first under-ball metallic layer over the active surface of the wafer; 

fonning a second under-ball metallic layer over the first under-ball metallic layer; 

conducting a first photolithography process to form a plurahty of photoresist 
blocks over the second under-ball metallic layer; 

conducting a first etching operation to remove the second under-ball metallic 
layer so tliat only the second under-ball metallic layer underneath the photoresist blocks 
remains; 

after conducting t/te first etching operation, removing the photoresist blocks; 

after removing the photoresist blocks, conducting a second photolithography 
process to form a photoresist layer over the first under-ball layer, wherein the photoresist 
layer has a plurality of openings that expose the second under-ball metalHc layer; 

after conducting the second photolithography process, conducting a metal-fiUing 
operation to fill a solder material into the openings of the photoresist layer> the solder 
materixd covering the second under-ball metalhc layer; 
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after conducting the metal-fUUng operation^ removing the photoresist layer; 

after removing the photoresist layer, conducting a first reflow operation to 
transform the solder material into a plurality of solder balls; and 

after conducting the first reflow operation, conducting a second etching 
Operation to remove a portion of the first ujtder-ball metallic layer so that only the first 
under-bajl metallic layer underneath the second under-ball metalhc layer remains. 

54. A raethod of forming bumps over a wafer having an active surface thereon, 
the method comprising the steps of: 

forming a first under-ball metallic layer over the active surface of the wafer; 

forming a second under-ball metallic layer over the iirst under-ball metallic layer; 

conducting a first photolithography process to fbnn a plurality of photoresist 
blocks over the second under-ball metallic layer; 

conducting a first etching operation to remove the second under-ball metallic 
layer so that only the second under-ball metallic layer underneath the photoresist blocks 
remains; 

after conducting the first etching operation, removing the photoresist blocks; 

after removing the photoresist blocks, conducting a second photolithography 
process to form a photoresist layer over the first under-ball layer, wherein the photoresist 
layer has a plurality of openings that expose the second under-ball metallic layei^ 

after conducting the second photolithography process, conducting a metal-fUIing 
operation to fill a soldcr material into the openings of the photoresist layer, the solder 
material covering the second under-ball metallic layer; 

after conducting the metal-fiUing operation^ conducting a first reflow operation 
to transform tiie solder material into a plurality of solder balls ; 

after conducting the first reflow operation, removing the photoresist layer; and 

after removing the photoresist layer, conducting a second etching operation to 
remove a portion of the first under-ball metallic la)yer so that only the first under-ball 
metallic layer undemeath the second under-ball metallic layer remains. 

73. A method of forming biunps over a wafer having an active surface thereon, 
the method comprising the steps of: 

forming a first under-ball metaUic layer over the active surface of the wafer; 

fonning a second under-ball metaJhc layer over the first under-ball metallic layer; 

conducting a first photolithography process to fytm a plurality of photoresist 
blocks over the second under-ball metallic layer; 

conducting a first etching operation to remove the second under-ball metallic 
layer so that only the second under-ball metallic layer underneath the photoresist blocks 
remains; 

after conducting the first etching operation, removing the photoresist blocks; 
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after removing the photoresist blocks, condiicting a second photolithography 
process to form a photoresist layer over the first under-ball layer, wherein the photoresist 
layer has a plurality of openings that expose the second under-ball metallic layer; 

after conducting the second photolithogr^hy process, conducting a mettU-fitting 
operation to fill a solder material into the openings of Ihe photoresist layer, the solder 
material covering the second imder-ball metallic layer; 

after conducting the metal'ftUing operation^ removing the photoresist layer; 

after removing the photoresist layer, conductiTig a first reflow operation to 
transform the solder material into a plurality of solder balls; and 

after conducting the first rcflow operation, conducting a second etching 
operation to remove a portion of the first under-ball metallic layer so that only the first 
ander-ball metallic layer undemeatli the second under-ball metallic layer remains. 

94. A method of forming bumps over the active surface of a wafer, ttic method 
comprising tlie steps of: 

forming a first undcr-ball metallic layer over the active surface of the wafer; 

forming a second under-ball metallic layer over the first under-ball metallic layer, 

removing a portion of the second under-ball metallic layer to expose the first 
under-ball metallic layer to the outside; 

after removing a portion of the second under-ball met€Ulic layer, forming a 
solder material over the second under-ball metallic l€(yer\ 

after forming the solder material over the second under-ball metallic layer, 
conducting a first reflow operation; and 

after conducting flie first rcflow operation, removing a portion of the first under- 
ball metallic layer so that the first under-ball metallic layer undemeath the second under- 
ball metallic layer remains. 



(emphasis added) 

Applicmts respectfully assert that the bump manufacturing method claimed in the present 
mvenliQu patentably distinguishes over figures 1-7 illustrated in Applicants* admitted prior art, 
becaujse the admitted prior art fails to disclose these features emphasized above (in bold). 

In the admitted prior art, ccfter the solder ma terial 16 0 i s forme d o n the wett abl e layer 140, 
th e wtntab le la yer 14 0, the ba trie r layer 130 an d the ad he sion lay er 120 in se qu ence are 
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remov ed and remains un derneath the s older block 160 (Sec FIGS 5-6). As a result, during 
etchiag, the etchant comes in contact Avilh the solder material 160 and elches away a portion of 
the wider maie*rial 160, Hence, the overaD thickness of the solder block 160 is reduced, leading 
to material wastage and diflicaUy in controlling the quality of the solder material 160. 
Furthenmore, when the etchant for etching the wettablc layer 140 and tlie barrier layer 130 is 
improperly prepared, liie etchant may act on the solder material 160. The etchant may peel ofT 
the solder material 160 fix>m the wettable layer 140 before the wettable layer 140 and the barrier 
layer 130 arc removed, (From paragraph [0010]) 

However, in the present invention, after a p ortion of th e s econd unde r^bal l Tnetallic layer^ 
such as g bani er layer 3 30, 630 and a w etta ble layer 34 0, 640, is re mo ved using, f or example, 
an et ching pro cess, a solder mat erial 370, 6 70 is formed ov er the seco nd under-ball metallic 
layer. Therea fter, the e xp osed first un d er-hall metal lic l ayer, such as an adhes ion layer 32 0, 62(1 
is rem ove d usmg, f or ex ample, an etc hing proc ess. As a result, a two-stage etcliing process is 
used to etch the undcr-ba]l metallic layer. During the first etching operation, that is, the etching 
of the wettablc layer and the barrier layer^ etchant will not etch the solder material because the 
soldci* materia] is not yet formed over the wettable layer. Etchant instead contacts the solder 
material only when the adhesion layer is etched in the second etching operation. Consequently, 
the period of contact of solder material with etchant is reduced and hence dimensional reduction 
of the solder material is minimized, (firom paragraph [0049]) Therefore^ Applicants consider 
that the subject matters claimed in the present invention can not be attained by figures 1-7 of the 
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achnj.tted prior art because the above-mentioned advantage of the present invention can not be 
achieved by tire admitted prior art. 

One prihe characteristics, in accordance with the present invention, is that afi er a portion 
of th<s second under-ball metallic layer, such as a barri er layer and a wett able layer, is re moved 
usinjXy for ex ample, an etching process, a sold er mat erial is formed over the s econd under-ba ll 
metallic layer. Thereafter, the expose d first under-ball metalli c lay er, such as an adh esion layer 
is rem oved using, for example, an etching process . The admitted prior art (APA) fails to teach , 
su^isst, or hint the a bove feature. Therefore, Apphcaiits respectfully traverse the rejection under 
35 U,S,C. 102 (a). 

Response To Claim Rejections Under 35 Section 103 

Applicants respectfully assert that the bump manufacturing method claimed in the present 
invcxition patentably distinguishes over the disclosures by figures 1-7 illusttaled in Applicants' 
admitted prior art, by Datta» by Yung and by Baker, because the disclosures fail to disclose these 
featu::es emphasized in claims 1, 18, 35, 54, 73, 94 (in bold). 

One of the features, in accordance with the present invention, is that after a po rtion of the 
secon d under-ball met allic layer, such as a barr ier layer and a wettable laye r, is rem oved using, 
for e^iample, an etc hing proc ess, a solder material is fo rmed over the second under -ball metallic 
layer, Thereafter, t he exposed first under-b all metall ic layer, such a s an adhe sion layer is 
removed usin g, for ex ample, an etching process . However, all of the disclosures by Applicants' 
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admitted prior ait, by Datta, by Yung and by Baker fail to teach, suggest or hint the above feature. 
Therefore, even though the disclosures by Applicants' admitted prior art is combined with Datta 
or Yirng or Baker, the subject matters claimed in the present invention can not be attained, 

Tliei efore, Applicants respectively submit that the subject matters claimed in the present 
invention can not be attained by combining the disclosures of the admitted prior art, with Datta» 
YunK or Baker. 

For at least the foregoing reasons. Applicants respectfully submit that independent claims 
1, 18. 35, 54» 73, and 94 patently define over the prior ait references, and should be allowed. For 
at least the same reasons, dependeiU: claims 2-17, 19-34, 36-53, 55-72, 74-93 and 95-112 patently 
defin 3 over the prior art as well. 
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CONCLUSION 



For at least Ihe foregomg reasons, it is believed that the pendjng claims 1-112 are in 
propsr condition for allowance. If the Examiner believes that a telephone conference would 
expedite the examination of the above-identified patent application, the Examiner is invited to 
call the undersigned. 



Jianq Chyun Intellectual Property Office 

7*Floor-l,No. 100 

Roosevelt Rojid, Section 2 

Taipisi, 100 

Taiwan 

Tel: 01 1-886-2-2369-2800 
Fax: 011-886-2-2369-7233 
Emal: bclinda@jcipgroup.com.tw 



Respectfully submitted. 



Dale : 





Registration No. r 46,863 



34 



Received from < 886 2 23697233 > at 7/25/03 3:59:14 AM [Eastern Daylight Time] 



